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trypsin, but resistance to lysozyme, RNase A, and DNase I.
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MATERIALS AND METHODS Bacterial strains. R. trifolii strains IARI, Rel-1, Rel-10, Rel-14, and Rel-348 and R. japonicum strain SB-16 were received from N. S. Subba Rao, Division of Microbiology, IARI, New Delhi, India. Red clover RCR-5, cowpea RCR-3824, alfalfa RCR-2001, and Rhizobium leguminosarum RCR-1001 were received from the Rothamsted Experimental Station, Harpenden, England. The bacterial and fungal species used for sensitivity tests were from our stock collection.
Culture media. Bacterial, rhizobial, and fungal cultures were maintained on nutrient agar, yeast extractmannitol agar, and potato dextrose agar, respectively, and stored at 4°C.
The media used to test the production of AMS and BLS by Rhizobium species included L-arabinose agar (23) , Rhizobium media 1 and 2 (10), yeast extractmannitol agar, and synthetic medium. The synthetic medium used was Balassa medium (1), modified by Desai et al. (3) , which contained (per liter) 1.0 g of (NH4)2SO4, 5 .0 g of D-glucose, 3.6 g of K2HPO4, 0.4 g of KH2PO4, 0.05 g of MgSO4 * 7H20, and 0.5 g of NaCl.
Production and detection of AMS and BLS. The procedures of Vidaver et al. (22) , as modified by Gross and Vidaver (5) , with L-arabinose agar medium were followed for the production and detection of AMS and BLS. The producer organisms, R. trifolii IARI and R. trifolii Rel-1, were stabbed at the center of L-arabinose agar and allowed to grow at 30°C for 5 and 7 days, respectively. The producer colonies were killed by chloroform vapor. Indicator cultures (108 cells of actively-growing bacteria per ml or 106 fungal spores per ml) were added to 2.5 ml of the respective growth medium containing 0.7% agar and overlaid on the producer plate. The clear zones of inhibition were usually visible after 24, 48, and 96 h with coliform bacilli and fast-and slow-growing Rhizobium species used as indicators, respectively. In the case of fungal indicators, the clear zones were visualized after 72 h of incubation.
To detect the production of AMS and BLS in liquid, cells were grown in 10 ml of L-arabinose broth (23) either in static culture or on a rotary shaker (200 rpm) at 30°C. After the stationary phase of growth, cells were removed by centrifugation (10,000 x g for 10 min at 4°C). After chloroform treatment, the supernatant was tested for antimicrobial activity.
Characterization of AMS and BLS. The effects of heat and enzymes were determined by the methods of Gross and Vidaver (5) . The plates containing chloroform-killed producers were incubated at 80°C for 45 min in a preheated oven, cooled to room temperature, and overlaid with indicator organisms. Unheated plates served as controls.
The following enzymes (Sigma Chemical Co.) were examined for their effect on AMS and BLS activities: The enzymes were applied around the producer colony after chloroform treatment. The plates were further incubated at 30°C for 8 h and overlaid with the indicator organisms. The results were compared with appropriate controls.
The diffusibilities of AMS and BLS were tested by the method of Schwinghamer (16) . R. trifolii producer strains IARI and Rel-1 were grown on a washed sterile dialysis membrane (6,000-to 8,000-molecular-weight cutoff) on L-arabinose agar. The dialysis membrane was removed after the producers were killed with chloroform and the agar was overlaid with indicator.
The results reported here are the average values of at least three independent experiments. RESULTS AND DISCUSSION Production and detection of AMS and BLS.
Among the various strains of Rhizobium species tested for the production of bacteriocins, R. trifolii strains IARI and Rel-1 showed bacteriocin production (Table 1) . Figure la and b show the typical production of AMS and BLS by R. trifolii IARI and Rel-1, respectively. Based on the size of the inhibition zone, AMS production appeared from day 2 of incubation (3-mm zone) and reached a maximum on day 5 of growth of the producer colony (14-mm zone). In contrast, production of BLS by R. trifolii Rel-1 appeared from day 4 of incubation (2-mm zone) and reached a maximum on day 7 of growth (6-mm zone). Further incubation did not affect the zone size. Since 5 and 7 days of growth of the producer colony at 30°C yielded maximum inhibitory zones, we considered these as the optimum periods for the production of AMS and BLS by strains IARI and Rel-1, respectively.
Factors affecting the production of AMS and BLS. In contrast to the observations of Gross and Vidavar (5), we observed the production of AMS and BLS over a wide range of temperature (25 to 40°C) without any significant change in inhibition zone size. This property may be of ecological significance for the survival of the organisms. The production of AMS and BLS occurred three to four times more often on Larabinose agar as compared with that on yeast extract-mannitol agar and Rhizobium medium 1. In the synthetic medium a detectable amount of AMS was produced, whereas no production of BLS was observed. However, neither AMS nor BLS was produced on Rhizobium medium 2. Interestingly, it was further observed that these substances were produced only on solid media at or above 0.2% agar, and no'production was observed on semisolid medium or in liquid medium. The production of BLS by Rhizobium strains (5, 14) and by many gram-positive bacteria (21) has been reported to be dependent upon cultural conditions. Gross and Vidavar (5) and Franker and co-workers (4) failed to detect bacteriocin production by Rhizobium spp. and Actinomyces odontolyticus, respectively, in liquid medium, regardless of time of harvest, growth stage, or aeration.
When glucose, sucrose, or succinate was substituted for L-arabinose in L-arabinose agar, a significant reduction in AMS production and a complete inhibition of BLS production were observed (Table 2) . Xylose was as good as Larabinose in supporting production. The effect of the carbon source suggests the involvement of pentose metabolism in the production of these substances. The reduction in production of AMS by strain IARI under different conditions was associated with an increase in colony size (Table  2) , suggesting an inverse relationship between growth and AMS production.
Sensitivity tests with other microorganisms. Although the production of BLS by Rhizobium species has been reported by various investigators (14, (17) (18) (19) (20) , their inhibitory effect has been found to be of narrow range. The AMS produced by strain IARI possessed both antibacterial and antifungal activities, whereas the BLS of strain Rel-1 showed a narrow activity spectrum (Table  3) . It is evident that zones of inhibition produced by strain Rel-1 are significantly smaller than those produced by strain IARI ( min Trypsin, DNase T, RNase A, and lysozyme had no effect on the activity of AMS, whereas trypsin inactivated BLS. DNase T, RNase A, and lysozyme had no effect on the activity of BLS. Both AMS and BLS were dialyzable, suggesting a low molecular weight. Some of the characteristics of AMS are similar to those of bacteriocins produced by R. japonicum (5) and R. trifolii (17) . These bacteriocins are dialyzable and resistant to heat and proteolytic enzymes. Hirsch (6) has described two types of bacteriocin production by R. leguminosarum; these are designated small and medium bacteriocins. The small bacteriocin can diffuse through cellophane and is heat labile and resistant to proteolytic enzymes, whereas the medium one is unable to diffuse through cellophane. It is heat labile and resistant to proteolytic enzymes. Schwinghamer (18) has described the production of a bacteriocin by R. trifolii that is sensitive to heat, proteolytic enzymes, and DNase. Thus, the properties of BLS produced by strain Rel-1 are similar to the characteristics described above. The sensitivity of BLS to heat and trypsin indicates its protein nature. Although there are many similarities between the AMS and bacteriocins produced by other Rhizobium species, the broad activity spectrum of the AMS is an important phenomenon. We believe the AMS may be a low-molecular-weight antibiotic-like substance. The production of lowmolecular-weight antibiotics such as hydroxystreptomycin and tetracenomycins has been reported (7, 24) for Streptomyces glaucescens. Besides these two substances, this organism produces glaucescin, a high-molecular-weight product with bacteriocin-like properties (16) .
Neither of our producer strains was sensitive to its own product. This may be due to an immunity substance simultaneously being produced by the producer strain along with its product, as in the case of some colicins (2) . As AMS is insensitive to heat and hydrolytic enzymes and no production was observed in liquid, it is difficult to speculate further on its chemical nature and its molecular mechanism of action.
